At meiotic prophase, the grasshopper Chorthippus longicornis has normal synaptinemal complexes inside paired homologous chromosomes. Evidence is presented that short single cores and small multiple core complexes occur inside metaphase I chromosomes. At first anaphase, interphase, and early spermatid stage, large multiple core complexes are located in the cytoplasm. It is speculated that the multiple core complexes have some structural elements in common with the synaptinemal complexes, but that different forms of pairing behavior are exhibited by the different complexes.
INTRODUCTION
In most plants and animals, paired homologous chromosomes at meiotic prophase have a tripartite axial structure (8) . This structure, the synaptinemal complex, has been implicated in the pairing of homologous chromosomes and in genetic and cytological exchange (1, 7) . The involvement of the complex in genetic exchange was confirmed by studies in Drosophila melanogaster (4, 5) . The pairing of axial cores of single leptotene chromosomes into a synaptinemal complex of the bivalent was confirmed in Lilium longiflorum (6) .
A number of insects have aggregates of cores which resemble a stack of synaptinemal complexes and which are referred to as "multiple core complexes." These may occur in association with pachytene bivalents (mosquito o6cytes, 10), or separate from pachytene chromosomes. The latter situation maintains in the diplotene o6cyte nucleus (10) , o6cyte nurse cell nucleus (10) , pachytene nucleus of spermatocytes, and the spermatid nucleus in Gryllus campestris and G. bimaculatus (2) , the spermatid nucleus of G. domesticus (11, 15) , spermatocytes and spermatids of G. Domesticus (13) , the spermatids of Blaptica dubia (12) , and spermatocytes of Philaenus spumaris (3) .
The structural similarity of the synaptinemal complexes to the multiple core complexes suggests that a relationship exists between the two. The possibility is the more likely since the two forms occur in the same or similar cells and since they occur at a specific developmental stage. On the other hand, the differences between the synaptinemal complex and the multiple core complex indicates that the relationship cannot be a simple one.
MATERIALS, METHODS, AND TERMS
Testicular tubules of Chorthippus longicornis were fixed in a 2% glutaraldehyde solution in phosphate buffer. The tubules were postfixed in osmium tetroxide and embedded in Epon. Thin sections were stained with uranyl acetate and lead hydroxide.
The tripartite structure found in meiotic prophase bivalents is the synaptinemal complex (7). The two densely staining outer ribbons, which are parallel to each other at a distance of about 1000 A, are the lateral elements, and the less dense median ribbon is the central element. The fine filaments between and perpendicular to the lateral elements are the transverse filaments. The dense ribbon is referred to as a core where it is not associated with a synaptinernal complex. The periodically banded body which ap- FIGURE 1 The synaptinemal complexes of a bivalent at the pachytene stage of meiotic prophase. The lateral elements (LE) are 1000 A apart and between them is the ladder-like central element (CE). The transverse filaments (TF) which extend from the lateral elements to the central element appear as dots in cross-section where the complex has twisted so that one lateral element is above the plane of section and the other below. The entire structure is surrounded irregularly by chromatin (CH). X 70,000.
pears to be an orderly aggregation of several cores is referred to as a multiple core complex. The multiple core complexes have structures similar to the transverse filaments and central elements of the synaptinemal complex, and they are referred to as such. The cores of the multiple core complexes prove to be planes of core material, but they are still referred to as cores to avoid the introduction of new terms.
OBSERVATIONS
The paired homologous chromosomes of cells in the pachytene stage of meiotic prophase contain the usual synaptinemal complexes (Fig. 1 ). These synaptinemal complexes are similar in most details to the ones described in other insects (2, 3, (10) (11) (12) . The lateral elements are about 1000 A apart, and the ladder-like central element is located between the lateral elements. The transverse filaments appear as dots in cross section where one lateral element is above the plane of section and the other below ( Fig. 1) .
At the end of the pachytene stage the synaptinemal complexes lose their axial orientation to the bivalent, their continuity, and their regular structure. Instead, short cores with transverse filaments as shown in the metaphase I chromosome of Fig.  3a are common in postpachytene bivalents. The large bivalent of Fig. 2a has, within the densely stained chromatin, a less dense crescent which contains filaments and some core material. The upper core in Fig. 3a resembles a segment of a lateral element, but it is different in that there are transverse filaments on at least two sides of this core. The lower core of Fig. 3a and the left side core of At first anaphase, multiple core complexes were FIGURE Qa Paired chromosomes at first metaphase of meiosis contain disorganized core material as shown in the large bivalent, or multiple core structures as in the bivalent marked by the arrow. The latter bivalent is enlarged in Fig. 2b . X 10,000.
FIGURE 2b A first metaphase bivalent with a multiple core complex. The dark bands or cores are 1000 A apart and central elements lie between the cores. X 72,000.
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FIGURE Sa Most metaphase I bivalents have short cores with the associated filaments (arrows). X 72,000.
FIGURE 3b A metaphase I bivalent with a small multiple core complex, consisting of three cores which are marked by arrows. X 72,000.
observed in the cytoplasm of the spermatocytes (Figs. 4a, 4b, 4c ). Most frequently the multiple complexes were found among the elongate mitocho'ndria stretched between the poles. They are either spindle-shaped or branched as shown in Fig. 6 (spermatid) . On the average, one complex was found when about 100 sections of anaphase cells were scanned. 12 different multiple complexes were photographed and several more were encountered but not recorded. The details of a multiple complex at first anaphase can be seen in Fig. 4b . The space between the dense cores is about 1000 A, and each core is about 200 A wide, giving a periodicity of 1200 A. The central elements are well defined in this thick section. Some of the complexes are associated with membranes. The dense mass at the tapered end of the complex occurs regularly in that position and can also be seen in Figs. 5b and 6b. Fig. 4c is included to show the presence of filaments next to a multiple core complex in a zone where the cores are not clearly defined. After the first meiotic division, during meiotic interphase, the nuclear membrane reforms briefly while the chromosomes remain fairly contracted (Fig. 5a ). At this stage the multiple core complexes were observed in the cytoplasm of those cells (Fig.  5a ). The frequency of occurrence was somewhat lower than at anaphase I, and a total of nine different multiple core complexes were photographed, two of which were in serial sections. All of these complexes were larger than those seen at metaphase I. The structural details of the multiple core complex at meiotic interphase can be seen in Fig.  5b . The complex is 2 t' long and has 18 bands. It is bounded by membranes and has some less wellorganized cores and filaments next to it. Because of the thinness of the section, the central elements are not well defined. At points along the complex, bundles of filaments can be seen to diverge and rejoin again (marked by arrow in Fig. 5c ). Where the filaments have diverged, the cores are discontinuous. Eight serial sections, each about 800 A thick, contain this complex, indicating that it is at least 0.5 u thick. Figs. 5b, 5c, and 5d are electron micrographs of the 4th, 5th, and 6th sections. The dense bands are in register, which means that the bands are, in fact, cross sections through planes FIGURE 4a At first anaphase, multiple core complexes occur in the cytoplasm of the spermatocyte (arrow). A narrow overexposed strip, caused by a shutter defect, has been taken out of the electron micrograph. X 8,000.
FIGURE 4a' An enlargement of the complex in Fig. 4a . The small dot to the left has transverse filaments radiating in several directions. X 40,000.
FIGURE 4b
A high magnification of a multiple core complex at anaphase I. Due to the thickness of the section, the central elements (CE) are well defined. The cores (CO) are about 1000 A apart, and each core is 200 A wide, giving a periodicity of 1200 A. Frequently, complexes are spindle shaped like this one, and they have a dense mass of core substance at the tapered end (left side). X 95,000. of core substance. Another multiple complex of which serial sections were available was 8 bands long, and just under 1 in diameter. The threedimensional structure of the multiple core complex accounts for the observation that frequently the periodicity of the bands was in excess of 1200 A. Sections perpendicular to the dense planes will give the shortest distance between bands; all oblique sections will have larger distances.
Only two early spermatids with multiple core complexes were found (Fig. 6) . The cell shown in Fig. 6a has two multiple core complexes (the only case of two complexes in one section of a single cell): one is branched, and both have a considerable amount of dense material at the end of the complex.
DISCUSSION
The multiple core complexes are interesting from the point of view that they may have elements in common with the synaptinemal complexes, and may therefore contribute information on the pairing function of synaptinemal complexes in chromosomes at meiotic prophase. This report describes the synaptinemal complex at meiotic prophase and the multiple core complexes at metaphase I, anaphase I, meiotic interphase, and in early spermatids. Although it seems reasonable that these structures are related to each other, only indirect evidence, based on morphological features, is available.
The possibility that the synaptinemal complex and the multiple core complex are related is suggested by their structural similarity, by the fact that they both occur inside the chromatin of meiotic bivalents, and by the fact that they occur shortly after each other at a specific developmental stage of the spermatocyte. The similarities of the two forms in section include the parallel arrangement of densely staining ribbons, the distance between the ribbons, and the structure of the central element. In at least one insect (10) the transition from synaptinemal complex to multiple complex has been recorded. At the onset of diplotene in the mosquito ocyte, Roth (10, p. 381) reports: "Since the polycomplex (PC) is a sheet of units, each resembling a SC, it is thought that the PC may arise by the aggregation of the synaptinemal complexes. This hypothesis is supported by the observation that units of the polycomplexes have the same dimensions as a SC, are devoid of chromatin, and during early diplonema sometimes are seen closely aligned to a SC still partially coated with chromation (Fig. 6) ." SC is the abbreviation used for synaptinemal complex.
The differences between the synaptinemal complex and the multiple complex indicate that a simple relation cannot be involved. The synaptinemal complex has two long, densely staining ribbons paired parallel to each other in essentially a twodimensional arrangement. Within the pachytene bivalent, this arrangement appears to be the only possible one. In the multiple complex several short ribbons are arranged parallel to each other, and serial sections show the structure to be threedimensional rather than two-dimensional. Furthermore, the single width of each ribbon in the multiple complex indicates that a simple stacking of short synaptinemal complexes is unlikely. To account for the structure of multiple complexes in the mosquito o6cyte, Roth (10) has proposed that when the synaptinemal complexes leave the bivalent, one-half of each lateral element remains behind. However, no remaining elements were reported nor does the model consider the out-ofphase pairing of extensive sheets of multiple complexes at a later stage. Schin (11) considers the transverse filaments as a basic unit from which either synaptinemal complexes or multiple complexes can be constructed. Transverse filaments with local diameter increments will, when aligned in register, produce the central element (11) .
The observation presented here favor the likelihood that small units (possibly filaments) rather than segments of synaptinemal complexes or cores are involved in the assembly of multiple core complexes. Filaments occur at pachytene in the synaptinemal complex, at diakinesis, and in metaphase I chromosomes. They can also be seen along the multiple complex at anaphase I in Fig. 4c . The various shapes of the multiple core complexes further suggest that the additions made to them during anaphase I and during meiotic interphase consist of small units. The multiple complexes which are membrane-bounded are long and narrow, and may be only a few filaments wide (e.g., the center of the complex in Fig. 5d , two sections farther on). Multiple complexes which are free in the cytoplasm are smooth, spindle-shaped bodies, and the one examined in serial sections is nearly ball shaped. The transverse filaments of the multiple complexes have structural features in common with the transverse filaments of the synaptinemal complex so that, when these filaments are aligned, the central element and the distance between cores is the same in both forms FIGURE 5a During meiotic interphase a nuclear membrane forms, but the chromosomes remain contracted. The multiple core complex (arrow) lies in the cytoplasm. X 7,000.
FIGUREs 5b-d Three consecutive sections of eight serial sections of the complex in Fig. 5a . Each section is about 800 A thick, so that the complex is at least 0.5 thick. The cores are in register throughout the serial sections so that there are in fact planes of core material. Next to this 18-band complex are some less well-organized filaments and core material. X 50,000.
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THE JOURNAL OF CELL BIOLOGY VOLUME 40, 1969 FIGURE 6a The spermatid nuclei (N) have an interphase structure, and the cytoplasm contains the initial stages of the nebenkern (NK). The cytoplasm of one spermatid has two multiple complexes (MC). X 7,700. of complexes. Either because of structural differences, or because of different physiological conditions, the filaments of the multiple core complexes apparently can undergo associations not found in the synaptinemal complex. The synaptinemal complex of the pachytene bivalent, which is largely proteinaceous (1, 8, 9) , is closely associated with the hereditary material of the spermatocyte, and it is probably essential for meiotic genetic exchange (4, 5, 8) . The multiple core complex at anaphase I and later is not associated with the permanent genetic material of the cell. The structures described here differ in this respect from the multiple core complexes described in Gryllus. In G. domesticus, parallel planes of core material with transverse filaments and central elements between them are associated with the unpaired sex chromosome and the nucleolus at meiotic prophase (13, 14) . In G. campestris and G. bimaculatus, Guhnin (2) reports multiple core complexes and extensive masses of filamentous material in association with the nucleolus at pachytene. Sotelo (13) has also reported small, free-lying multiple core complexes at both meiotic divisions at the time when no nuclear membranes were present. The multiple core bodies in the spermatid nuclei of Gryllus were originally thought to be associated with the X-chromosome (11, 13) , but their occurrence in spermatids without X-chromosomes has ruled out that possibility (15). Wolstenholme and Meyer further show that the multiple complexes, referred to as axial core structures by the authors, have chromosomal material associated with them (15).
It appears that during meiosis and in spermatids of insects, a variety of structures may occur which share morphological characteristics with synaptinemal complexes. The structures all appear to share a pairing function, but different structures from different association. It is likely that the various complexes have some structural elements in common, but that their organization and function are different in each case.
